Epidemiological studies report a smail but positive asociation between short-term increases in airborne partculate matter and small increases in morbidy and mortalit from respiratory and cardiovascular disea in urban areas'. However, the lack ofa meanistic explanation to link partide exposure and h n health efects makes it difficult to validate the human health eflects. The present study tested the hypothesis that urban partides could cause apoptosis of human alveolar macrophages (AM) and a shift of their phenotypes to a higher immune active state, which would provide a mechanism to eplain an inflammary response. 
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(suppressor macrophaes) phenotypes by flow cytometr. ROFA particles caused AM necrsis at concentrations as low as 10 pgmI, urban particles had no effect except at 200 pgWml, and MSH had no efect at 200 pg/ml. ROFA (25 pg/ml) and particles #1648 or #1649 (100 pg/ml) caused apoptosis ofAM by all three critera, but 200 pgml MSH ha no effect. Finally, 25 Epidemiologic studies suggest that preexisting disease increases the susceptibility of individuals to the effects of small increases in urban particle air pollution (1, 2) . However, these studies provided little information on the health status or other relevant circumstances (i.e., personal exposures) of the populations affected since abstracted death certificates or hospital discharge diagnostic summary data were used to ascertain health status or cause of death. More recent prospective cohort studies (3) (4) (5) suggested that long-term exposure to particle air pollution may be associated with an increase in the morbidity and mortality from respiratory and/or cardiovascular diseases in the general population. Major questions remain as to the specific size fraction, chemical component(s), and biologically relevant exposure metric that would cause the observed effects. Further, these results remain controversial, in part, because the responsible mechanisms are unknown that would explain these effects.
One potential mechanism to explain the health effects of urban particles may involve their interactions with the alveolar macrophage (AM). The AM is the central lung cell in the regulation of the immune response to inhaled pathogens and the development of inflammation (6) . Additionally, the AM is central to nonspecific host defense through phagocytosis offoreign material, such as urban partides (6) .
In order to examine potential mechanisms that may account for urban particleinduced lung injury, a number of models have been used. For (13, 14) . Further, addition of RFD1+ monoclonal antibody inhibits RFD1+ AM-mediated T-cell stimulatory activity (15) . Studies of patients with various inflammatory diseases suggest that shifts in AM phenotypes (higher RFD1+:RFD1+7+ ratio) could play a role in disease progression (14, 16, 14 . Consequendy, regulation of these phenotypes could prove to be an important source ofaltering disease progression and/or outcome. Therefore, if particles induce a shift in these populations to a higher ratio of RFD1+:RFD1+7+ cells, inflammation may develop or be exacerbated in individuals with an already abnormal phenotype ratio.
A potential mechanism to account for a shift in the AM phenotype ratio may be apoptosis of the suppressor population. Particles that induce inflammation such as asbestos and silica, but not nonfibrogenic particles such as titanium dioxide and wollastonite, have been reported to cause human AM apoptosis (18, 19) . Apoptosis occurred at concentrations of these particles well below those causing other forms of cell injury and below doses causing human AM to release inflammatory cytokines (20) . In addition, another inflammatory agent, bleomycin, has been shown to be a potent inducer of apoptosis in human AM (21) . Therefore, apoptosis of suppressor AM could increase the stimulatory (RFD1+) to suppressor (RFD1+7+) macrophage ratio.
The present study tested the hypothesis that urban particles could cause apoptosis of human AM and shift their phenotypic ratio. Freshly isolated human AM were incubated with well-characterized urban particles (#1648 and #1649), negative control Mount Saint Helen's ash (MSH), and ROFA. The AM were then examined for cell viability by trypan blue exclusion and for apoptosis by morphology, cell death ELISA, and DNA ladder formation. Finally, the AM RFD1+ and RFD7+ phenotypes were characterized by flow cytometry.
Materials and Methods
Cell cultures. Human alveolar macrophages were obtained by bronchoalveolar lavage of normal, nonsmoking adult volunteers of either sex as previously described (2Q). This study has been approved by The University of Texas Houston Health Science Center Committiee on Human Subjects, and all volunteers signed an informed consent form. Instillations of 240-300 ml sterile saline resulted in recoveries of 200-260 ml lavage fluid that was kept at 40C until cells were isolated from the lavage fluid by centrifugation. The saline supernatant was aspirated and discarded, and the cell pellet was resuspended in a small volume (1-5 ml) of HEPES buffered medium 199 (Gibco BRL, Gaithersburg, MD) with 10% fetal bovine serum (FBS; Sigma, St. Louis, MO), and antibiotics (50 U/ml penicillin, 50 pg/ml gentamycin, and 50 pg/ml streptomycin).
The cell count was determined with a ZBI Coulter Counter (Coulter Electronics, Hialeah, FL). Lavages yielded an average of 2 x 107 cells that were >92% alveolar macrophages, as verified by Leukostat staining (Fisher Scientific, Houston, TX). Viability was >90% as determined by trypan blue exclusion.
AM were cultured at 1 x 106 cells/ml at 37°C in the media described above for 24 hr. Cell cultures were maintained in suspension by slow end-over-end tumbling (Labquake Shakers; Labindustries, Berkeley, CA) in sterile polypropylene tubes (PGC Scientific, Gaithersburg, MD) at 37°C in a water-jacketed CO2 incubator (Queue, Parkersburg, WV) (22) .
Particulate matter. ROFA particles were kindly donated by Dan Costa and Kevin Dreher from the EPA. ROFA are emission from a stationary source. Fugitive (i.e., those leaving the source) ROFA were collected on a Teflon-coated glass fiber filter placed downstream of the cyclone of a power plant burning low-sulfur residual oil, as previously described (9) . Urban particulate matter #1648 and #1649 were obtained from the National Institute of Standards and Technology (Gaithersburg, MD). Volcanic MSH was collected and provided by Andrew McFarland, Texas A&M University. The characteristics of these particulate matter samples have been described by a number of investigators (7, 8, (23) (24) (25) (26) . A summary of the main physical and chemical properties of the four types of particulate matter is presented in Table 1 . ROFA, #1648, and #1649 have similar physical diameter distribution characteristics, while MSH particles are larger. Both #1648 and #1649 particles are enriched in organic carbon content as compared to ROFA and MSH. The inorganic fraction of ROFA particles is also far more soluble than for MSH and has a lower pH (24) . From the standpoint of elemental composition, ROFA particles are enriched in elements present in residual and crude oils, while being relatively poorer (particularly as compared to MSH) in crystal-origin elements. The airborne particulate matter samples show a mix of crustal-and fuel-burning-derived elements. The soluble transition metal-enriched fraction of ROFA particles has been implicated in a number of acute effects on the lung by previous investigators (24) .
CeUl viability assays (rypan blue exclusion). Cells in culture suspension were exposed to trypan blue dye [0.04% in phosphate-buffered saline (PBS)], placed on a hemocytometer, and examined under light microscopy. Two (18, 19) , the effects of ROFA and urban dusts on human AM apoptosis were examined using multiple approaches. Cell death ELISA quantitates apoptosis through the measurement of cytosolic histone-bound DNA fragments formed during apoptosis. Results from this assay are shown in Figure 2 . MSH had no apoptotic effects at any concentration examined (up to 200 pg/ml). An increase in histone-bound DNA fragments was evident at 100 pg/ml of both urban dusts, which became significant at 200 pg/ml. In contrast, ROFA particles induced significant apoptosis at concentrations as low as 25 pg/ml. A decrease in the cell death ELISA for ROFA was evident at 200 pg/ml compared to that observed at lower concentrations. This is similar to results from other studies in which a decrease in the cell death ELISA was observed when there was extensive cytotoxicity (27) . Because 100 Figure 3 shows the outcome of 24-hr incubations with the particles at the concentrations described above. AM appearance was normal in the untreated (Fig. 3A) and MSH-treated cells (Fig. 3B) .
In contrast, cells incubated with 25 pg/ml ROFA (Fig. 3C) , 100 pg/mI #1648 (Fig.  3D) , and 100 pg/ml #1649 (Fig. 3E) all demonstrated morphological features characteristic of apoptotic cells including cell shrinkage, condensed darkly stained nuclei, and apoptotic bodies. In the final procedure to confirm apoptosis, the ability of the particles to induce the formation of a 180-200 base pair DNA ladder characteristic of apoptosis was examined (Fig. 4) . Similar to the morphologic results, control AM and AM incubated with MSH demonstrated no visible DNA ladder formation.
In contrast, incubations with 25 pg/mI ROFA or 100 pg/ml of either type of urban particle demonstrated the formation of DNA ladders characteristic of cells undergoing the cell death by apoptosis. Taken together, the evidence presented from the cell death ELISA, cell morphology, and DNA ladder formation demonstrate that ROFA and urban particles cause apoptosis of human AM.
Effects ofparticles on human alveolar macrophage phenotypes. The effects of the urban partides on AM phenotypes were also examined. The results from 24-hr incubations on RFD1+ (immune stimulatory) and RFD1+7+ (suppressor) phenotypes are shown in Figures 5A and 5B, respectively. The number of RFD1+ cells was not signicantly affected after incubation with MSH.
In contrast, 25 pg/ml ROFA or 100 pg/ml of either type of urban particle increased RFD1+ cells significantly. In addition, 25 pg/mi ROFA decreased the number of RFD1+7+ AM (Fig. 5B ).
Discussion
One of the difficulties in linking human exposure to urban particles and the reported health effects has been the lack of a mechanistic explanation. Previous studies examined the ability of these particles to induce the release of inflammatory cytokines, but with negative results (8) . The #1649) were not distinguishable in any of the assays. This is not unexpected because these particles were obtained from areas with high mobile and point source emissions and their physical characteristics are similar (26) . This finding is similar to other recent reports that demonstrate similar biological activity of these two types of particles (8) . Further studies to examine the effects of particles obtained from significantly different sources and examination of particles of different sizes will be crucial to the understanding of the components on the particles that may contribute to the potential health effects. Smaller particles with a higher surface area (and possibly more metals per unit mass) may have greater apoptotic potential (24) .
These studies used human AM and the results are directly applicable to humans, but the in vivo responses remain to be determined. Additionally, studies from a number of laboratories, including our own, indicate that the ratio of AM phenotypes varies in the normal population and is already shifted to a higher inflammatory ratio in individuals with a number of preexisting inflammatory conditions (14, 16 of increased symptoms in individuals with various chronic lung diseases and urban pollution. In summary, urban partides, and to a greater extent ROFA particles, caused apoptosis of human AM, while MSH had no adverse effects. In addition, these particles shifted the ratio of AM phenotypes to a higher proinflammatory state. If these particles cause similar changes in vivo, this proinflammatory state may exacerbate pulmonary disease. Further studies will be needed to verify that the shift in AM phenotype occurs in vivo and is associated with increased inflammation.
